Introduction {#S0001}
============

Chronic obstructive pulmonary disease (COPD) is a progressive and non-reversible airflow limitation disease and is a leading cause of morbidity and mortality worldwide.[@CIT0001] Estimates from the global burden of disease 2016 study show that COPD was the fourth, sixth, and seventh leading cause of years of life lost (YLLs) in countries with middle-income, high-income, and high-middle income, respectively. In China, COPD ranks as the third and fourth leading cause of death in rural and urban areas, respectively.[@CIT0002]

A study of the disease burden of COPD found that the annual direct medical expense for Chinese urban patients in 2006 was 1970 USD, and the estimated indirect cost was 264 USD per patient.[@CIT0003] Total medical expense for each COPD patient accounted for 40% of the average family income.[@CIT0004] Evidence showed that the cost of COPD was strongly correlated with the severity of disease, hospitalization being a major contributor to medical expenses.[@CIT0005]

Despite its high prevalence and economic burden, and contrary to the guidelines of the Global Initiative for Chronic Obstructive Lung Disease (GOLD), inappropriate management is common in COPD and include the overuse of mucolytics.[@CIT0003],[@CIT0006],[@CIT0007] Indeed, in real-world settings, compliance with treatment guidelines is much lower among patients with COPD compared with that in clinical trials.[@CIT0008]--[@CIT0010] A number of studies in the USA also showed that poor adherence to maintenance medication is negatively correlated with healthcare resource utilization and costs.[@CIT0011]--[@CIT0013] Nevertheless, no study has examined the clinical and economic consequences of poor adherence to maintenance medication in COPD in a real-world setting in China. The purpose of this study, therefore, was to evaluate the association between adherence to maintenance medication and the occurrence of acute exacerbation of COPD (AECOPD) and associated cost among patients with COPD in China.

Patients and Methods {#S0002}
====================

Patients {#S0002-S2001}
--------

The study was a retrospective cohort study. Data of claims made between January 1, 2014, and December 31, 2016, from a metropolitan city in south China were obtained from the Medical Claims Database, covering all patients insured by urban employee/resident medical insurance. The registered resident population is over 13 million, and more than 10 million of them are insured. The index date was the date of the first prescription fill of COPD maintenance medication in 2015. The patients were followed for 1 year before and 1 year after the index date. Information extracted included demographics, diagnosis, treatment, medication, and costs. Because only de-identified records were used in the analysis, ethical approval and informed consent were not required, as per the local medical research policy when using electronic health data.

The inclusion criteria were 1) diagnosed with COPD in 2015 (including patients with past COPD history); 2) had continuous medical insurance coverage for 1 year prior to and 1 year after the index date through December 31, 2016; and 3) had ≥2 COPD maintenance medication claims during follow-up. The patients were excluded if they had other chronic respiratory conditions such as lung cancer, pulmonary fibrosis, or asthma.

COPD Maintenance Medication {#S0002-S2002}
---------------------------

There were three categories of maintenance medications considered for analysis: inhaled bronchodilators alone (long-acting beta-2 agonist \[LABA\] and/or long-acting muscarinic antagonist \[LAMA\]), combination therapy with inhaled corticosteroid (ICS)/LABA, and oral therapy (theophylline and/or mucolytics). Patients were categorized into the three groups by medication category prescribed on the index date.

Adherence {#S0002-S2003}
---------

Treatment adherence was based upon the calculated proportion of days covered (PDC). For the purposes of this study, we calculated PDC in terms of the number of days with COPD maintenance medication divided by the duration of therapy (DOT) with these agents (365 days). Because the database lacked medication order information, the DOT for each prescription was based on expert opinion concerning the Chinese clinical practice in this region. For oral medications, a prescription was assumed to last for 14 days, and for 30 days for inhalation therapies. PDC ranged from 0 to 1. Patients were deemed highly adherent if their PDC was ≥0.8 and poorly adherent if their PDC was \<0.8 during follow-up. A sensitivity analysis was undertaken for PDC at a cutoff point of 0.5.

Exacerbation Identification {#S0002-S2004}
---------------------------

Moderate exacerbation was defined as requiring treatment with systemic corticosteroids and/or antibiotics in an outpatient setting. Severe exacerbation was defined as requiring hospitalization or emergency department visit.

Outcomes {#S0002-S2005}
--------

The outcomes were the risk of AECOPD, AECOPD rate (frequency), and AECOPD treatment cost per patient-year. All costs were in the perspective of the health payer. The costs included the costs for drugs, examinations, tests, and physician consultation.

Statistical Analysis {#S0002-S2006}
--------------------

Descriptive statistics of patient baseline characteristics (ie, demographics, comorbidities), clinical characteristics including COPD severity indicators (ie, exacerbation frequency), healthcare resource utilization (ie, COPD medication usage and hospital visits), and costs were conducted in the 1-year pre-index period in both the high and poor adherence groups. The Kruskal--Wallis test for continuous variables and the chi-square test for categorical variables were used to determine if the differences between groups (high vs poor adherence) were statistically significant.

Three multivariate regression models adjusted for baseline characteristics were used to test the difference between the high and poor adherence groups for the outcomes during the 1-year follow-up. A logistic regression model was developed to evaluate the risk of hospitalized AECOPD occurrence; a negative binomial regression model was developed to evaluate the hospitalized AECOPD frequency; and a generalized linear model with gamma distribution and log-link function was developed to evaluate hospitalized AECOPD cost. Odds ratios (ORs), relative risks (RRs), and mean differences (MDs) with their respective 95% confidence intervals (CIs) were presented. A two-tailed P\<0.05 was considered to be statistically significant.

In all models above, the interaction of medication class×adherence was constructed to explore whether the influence of adherence to healthcare resource utilization/AECOPD occurrence was modified by medication class.

A subgroup analysis was performed in patients with COPD with exacerbation history. A supplementary analysis was also performed PDC \>0.5 to define high adherence. In the sensitivity analyses, a propensity score matching method was used to ensure that the two groups, ie, high adherence vs poor adherence to the ICS/LABA combination, were balanced. All baseline characteristics (demographics, comorbidities, exacerbation frequency, COPD medication usage, hospital visit, and costs) were included in the matching model. A greedy algorithm (nearest match with maximum caliper=0.02 and 0.008) without replacement was used to match patients with a 1:1 matching ratio.

All analyses were conducted with STATA SE 12.0 (Stata Corp, College Station, Texas, USA).

Results {#S0003}
=======

A total of 11,708 eligible patients were identified from the database, of which 1261 patients (10.8%) were highly adherent with maintenance medication (PDC ≥0.8). Among them, 620 patients used inhaled bronchodilators (n=225 and n=395 in the high and poor adherence groups, respectively); 3419 patients used the ICS/LABA combination (n=903 and n=2516 in the high and poor adherence groups, respectively); and 7669 patients used oral therapy (n=133 and n=7536 in the high and poor adherence groups, respectively) ([Figure 1](#F0001){ref-type="fig"}, [[Supplementary Table S1](https://www.dovepress.com/get_supplementary_file.php?f=234349.doc)]{.ul}).Figure 1Patient flowchart.**Abbreviations:** COPD, chronic obstructive pulmonary disease; ICS/LABA, inhaled corticosteroid/long-acting beta-2 agonist.

Baseline characteristics for each medication group are described in [Table 1](#T0001){ref-type="table"} and [[Supplementary Tables S2 and S3](https://www.dovepress.com/get_supplementary_file.php?f=234349.doc)]{.ul}. The high adherence group had higher AECOPD frequency, more COPD medication prescriptions, and spent more on COPD during the pre-index period.Table 1Baseline Characteristics of Patients in the Combination ICS/LABA GroupCharacteristicHigh AdherencePoor AdherenceP-value(n=903)(n=2516)Age (years), n (%)0.003  \<65243 (26.9)809 (32.2)  65--74346 (38.3)825 (32.8)  ≥75314 (34.8)881 (35.0)  Missing01 (0.0)Sex, n (%)\<0.001  Female139 (15.4)540 (21.5)  Male764 (84.6)1976 (78.5)CCI (No Age Adjustment)  Mean±SD0.03±0.180.02±0.180.1307  Median00Pre-Index AECOPD Frequency, n (%)\<0.001  0336 (37.2)1,306 (51.9)  1 outpatient/ED141 (15.6)285 (11.3)  ≥2 outpatient/ED or having at least 1 hospitalized AECOPD426 (47.2)925 (36.8)Pre-Index SABA Prescriptions, n (%)0.01  0624 (69.1)1831 (72.8)  1--3209 (23.2)553 (22.0)  \>370 (7.8)132 (5.3)Pre-Index LAMA Prescriptions, n (%)\<0.001  0663 (73.4)2049 (81.4)  1--384 (9.3)254 (10.1)  \>3156 (17.3)213 (8.5)Pre-Index Methylxanthines Prescriptions, n (%)\<0.001  0415 (46.0)1540 (61.2)  1--3196 (21.7)565 (22.5)  \>3292 (32.3)411 (16.3)Pre-Index COPD-Related Cost (USD)  Mean±SD1343±2832992±2416\<0.001  Median574224Pre-Index COPD Inpatient Visits, n (%)0.906  0714 (79.1)2,006 (79.7)  1113 (12.5)302 (12.0)  ≥276 (8.4)208 (8.3)[^1][^2]

There was a significant interaction effect of drug category for hospitalized AECOPD risk, hospitalized AECOPD rate, and hospitalized AECOPD treatment cost during the 1-year follow-up period (adjusted p-values: \<0.001, \<0.001, and 0.012, respectively), indicating that the association between adherence and outcome varied between maintenance medication categories. Further analysis showed no protective effect of high adherence upon clinical and economic outcomes in the inhaled bronchodilator and oral medication groups.

Results of logistic regression showed that for patients with COPD using the ICS/LABA combination maintenance therapy, the relative risk of hospitalized AECOPD in the high adherence group was reduced by 34.8% compared with those who were poorly adherent (adjusted OR: 0.65; standard error \[SE\]: 0.06; 95% CI: 0.54, 0.79; p\<0.001) ([Table 2](#T0002){ref-type="table"} and [[Supplementary Table S4](https://www.dovepress.com/get_supplementary_file.php?f=234349.doc)]{.ul}). Interestingly, patients taking oral mucolytics and having high adherence had a higher relative risk of hospitalized COPD than patients with poor adherence (adjusted OR=2.51; SE: 0.55; 95% CI: 1.63, 3.87; p\<0.001) ([Table 2](#T0002){ref-type="table"}).Table 2Relative Risk of Hospitalized AECOPD (High Adherence Vs Poor Adherence) in COPD Patients During the Follow-Up PeriodOdds RatioStandard Error95% CIP-valueCombination ICS/LABA user^a^0.650.060.54, 0.79\<0.001Inhaled bronchodilator user^a^0.810.180.52, 1.260.339Oral mucolytic user^b^2.510.551.63, 3.87\<0.001Test for interaction^c,d^---------0.001[^3]

In addition, results of the negative binomial regression showed that compared with those who were poorly adherent, patients achieving high adherence to the ICS/LABA combination maintenance therapy had a 24.4% reduced rate (frequency) of hospitalized AECOPD per patient-year (RR: 0.76; SE: 0.06; 95% CI: 0.65, 0.87; p\<0.001) ([Table 3](#T0003){ref-type="table"} and [[Supplementary Table S4](https://www.dovepress.com/get_supplementary_file.php?f=234349.doc)]{.ul}). Compared with those who were poorly adherent, patients achieving high adherence to oral mucolytics maintenance therapy had an 82% higher rate (frequency) of hospitalized AECOPD per patient-year (RR: 1.82; SE: 0.21; 95% CI: 1.45, 2.29; p\<0.001) ([Table 3](#T0003){ref-type="table"}).Table 3Incident Rate Ratio of Hospitalized AECOPD Visits (High Adherence Vs Poor Adherence) Among COPD Patients During the Follow-Up PeriodIncident Rate RatioHigh AdherencePoor AdherenceMeanSE95% CIP-valuePredicted MeanSEPredicted MeanSECombination ICS/LABA user^a^0.760.060.65, 0.87\<0.0010.550.040.730.03Inhaled bronchodilator user^a^0.830.140.59, 1.170.280.490.060.590.06Oral mucolytic user^b^1.820.211.45, 2.29\<0.0011.690.190.920.02Test for interaction^c,d^---------\<0.001------------[^4]

Finally, the results of the generalized linear regression showed that for patients with COPD using the ICS/LABA combination, hospitalized AECOPD costs were reduced by 37.8% if the patients were highly adherent vs those poorly adherent. Predicted mean costs were 1393 vs 2242 USD, and the adjusted mean difference (SE) was −848 USD (299) (95% CI: −1435, −262; p\<0.001) ([Table 4](#T0004){ref-type="table"} and [[Supplementary Table S4](https://www.dovepress.com/get_supplementary_file.php?f=234349.doc)]{.ul}). For patients with COPD using the oral mucolytics, predicted mean costs were 5273 vs 2053 USD, and the adjusted mean difference (SE) was 3221 USD (1204) (95% CI: 860, 5581; p\<0.001) ([Table 4](#T0004){ref-type="table"}).Table 4Hospitalized AECOPD Cost Comparison (USD) Between High Adherence Cohort and Poor Adherence Cohort Among COPD Patients During the Follow-Up PeriodHigh AdherencePoor AdherenceMean DifferencePredicted MeanSEPredicted MeanSEMeanSE95% CIP-valueCombination ICS/LABA user^a^13931862242235−848299−1435, −262\<0.001Inhaled bronchodilator user^a^15564161871480−315636−1560, 9310.46Oral mucolytic user^b^5273120120538532211204860, 5581\<0.001Test for interaction^c,d^---------------------\<0.001[^5]

Subgroup Analysis {#S0003-S2001}
-----------------

Patients with COPD with exacerbation history were included in the subgroup analysis of 6011 patients, of which 800 patients were in the high adherence group, and 5211 patients were in the poor adherence group. Among patients using the ICS/LABA combination, upon controlling for baseline covariates, compared with the poor adherence group, the risk of hospitalized AECOPD occurrence for the high adherence group was decreased by 44% (adjusted OR: 0.56, p\<0.001) while the rate (frequency) of hospitalized AECOPD per patient-year was decreased by 24% (0.64 vs 0.84, adjusted rate ratio=0.76, p=0.002). Patients in the high adherence group had 37.7% lower hospitalized AECOPD costs (adjusted mean difference: −1,029 USD; 95% CI: −1,839, −219 USD; p=0.002).

Propensity Score Matching {#S0003-S2002}
-------------------------

With propensity score matching, 734 COPD patients with high adherence to the ICS/LABA combination maintenance therapy were matched with 734 patients in the poor adherence group. After matching, the standardized differences were \<10%, and P values were \>0.05 for all variables, indicating that all baseline characteristics were well balanced between the two groups ([[Supplementary Tables S5 and S6](https://www.dovepress.com/get_supplementary_file.php?f=234349.doc)]{.ul}).

High adherence was associated with lower relative risk of hospitalized AECOPD (OR=0.73, p=0.002), lower hospitalized AECOPD rate (frequency) per patient-year (RR=0.76; p=0.002), and lower hospitalized AECOPD treatment costs (1330 vs 1895 USD; p=0.012). Results were consistent with the multivariable regression results.

Adjusted PDC Cutoff Point {#S0003-S2003}
-------------------------

After adjusting the cutoff point of PDC to 0.5, among patients with COPD using the ICS/LABA combination maintenance therapy, 1626 patients were highly adherent, whereas the remaining 1793 were in the poor adherence group. High adherence still demonstrated better clinical and economic outcomes compared with the poor adherence group; however, between-group differences were smaller compared with the 0.8 PDC cutoff point. The relative risk of hospitalized AECOPD in the high adherence group was reduced by 12.9% (adjusted OR: 0.87; SE: 0.07; 95% CI: 0.74, 1.03; p=0.12). The rate (frequency) of hospitalized AECOPD per patient-year was reduced by 11.3% (RR: 0.89; SE: 0.05; 95% CI: 0.79, 1.00; p=0.053). Hospitalized AECOPD cost was reduced by 33.3%. Predicted mean cost was 1624 vs 2434 USD, adjusted mean difference (SE) was −810 USD (327) (95% CI: −1,451, −168; p\<0.001).

Discussion {#S0004}
==========

To the best of our knowledge, the present study is the first to examine the association between adherence to maintenance medication and clinical and economic outcomes and to explore the interaction effect of drug category among patients with COPD in a real-world setting in China. Among the three maintenance groups, only high adherence to the ICS/LABA combination was significantly associated with reduced risk, lower frequency, and cost savings for hospitalized AECOPD. Our study complements randomized, controlled clinical trials by including a heterogeneous patient population with different severity levels and reflects real-world adherence to COPD maintenance medications without protocol-driven interventions. The strength of the study was that, although this study was limited to one city, given universal medical insurance coverage, these findings have implications for COPD care more broadly in China.[@CIT0014]

Among the three categories of maintenance therapies, the ICS/LABA combination has been proven to alleviate symptoms and decrease the risk of exacerbation of COPD.[@CIT0015] The GOLD 2019 guidelines state that "an ICS combined with a LABA is more effective than the individual components in improving lung function and health status and reducing exacerbations in patients with exacerbations and moderate-to-very severe COPD. (Evidence A)"

[@CIT0001] Study results from a randomized clinical trial run in a primary healthcare setting in the United Kingdom comparing the ICS/LABA combination with usual care showed an 8.4% reduction of exacerbations (moderate-to-severe level).[@CIT0016] With regards to oral therapy, meta-analysis results provided evidence that although long-term high-dose N-acetylcysteine (NAC) treatment might lead to a lower rate of COPD exacerbations,[@CIT0017] low-dose NAC was insufficient in providing benefit to COPD patients.[@CIT0018] Actually, the BRONCUS trial showed that NAC was ineffective in preventing exacerbations in patients with COPD.[@CIT0019] Schermer et al.[@CIT0020] even found that 3 years' treatment with low-dose NAC increased the exacerbation rate. The result of the present study was that patients taking oral mucolytics and having high adherence had worse AECOPD outcomes than patients with poor adherence. One possible reason for high adherence having worse impact on AECOPD in the oral mucolytic group in our study could be the low daily dosage, yet dosage information was unavailable in the claims database. Therefore, additional study is necessary to determine the exact causes.

In fact, in China, we seek to apply the current GOLD guidelines, as in other countries. Differences with other countries might lie in the health care system and the insurance system in China. The escalating costs of health care with the health care reform were a cause of transient poverty for many families. Hence, social health insurance systems were introduced gradually, and, currently, about 95% of the population is covered by medical insurance.[@CIT0021] Despite this good coverage, the results showed that COPD maintenance treatment in China was not optimal. According to the GOLD guidelines, bronchodilators, including long-acting beta-agonists and anticholinergics (alone or in combination), should be the basic pharmacological therapy for all patients with COPD.[@CIT0001] However, our study found that among the 11,708 patients with COPD identified for the analysis, 65.5% used oral medications only on the index date, among which only 25.9% had inhaled bronchodilator or ICS/LABA combination prescriptions during the follow-up period. One potential reason could be the lack of knowledge on standardized treatment of COPD.[@CIT0003] He et al carried out a study evaluating real-world pharmacologic therapy usage for COPD via face-to-face interviews of 723 patients with stable disease and 258 pulmonary physicians in six cities in China. The results indicated that mucolytics were the most commonly prescribed medications.[@CIT0022] Physicians' lack of knowledge of the GOLD guidelines could explain the disproportionate use of oral medications for COPD treatment in the present study; indeed, a survey of primary care providers indicated only 20% were fully knowledgeable about standardized COPD pharmacologic therapy.[@CIT0022] Besides, the cost might be another driving factor.

Our study also showed that adherence to maintenance therapy was poor among Chinese patients with COPD. For inhaled bronchodilator users, only 36.3% of patients were deemed to be highly adherent to treatment, and for the ICS/LABA combination, adherence to treatment was even lower (29.2%). For patients taking oral medications, only 1.7% was considered highly adherent.

The situation of unideal COPD maintenance treatment is not alone in China. A study based on insurance claims in the USA showed that patients who started long-term bronchodilator monotherapy showed high rates of treatment discontinuation or augmentation, as well as high rates of use of rescue therapy, and high treatment costs.[@CIT0023] Another real-world study from the USA showed that patients starting a LAMA/LABA combination had higher adherence than patients starting an ICS/LABA combination.[@CIT0024] Two studies from the United Kingdom revealed that the rate of prescribing according to the guidelines was low and that many patients were over-treated, and with poor adherence to treatment.[@CIT0025],[@CIT0026] Therefore, the poor adherence and guideline compliance observed in China is probably not different from that observed in other countries.

Similar to our findings, previous research showed that poor adherence to maintenance treatment was associated with unfavorable clinical and economic outcomes. A large retrospective study using a claims database showed that higher adherence rates to COPD maintenance medication were correlated with reduced emergency care usage (annual number of inpatient days, inpatient visits and emergency room visits) and lower healthcare spending in patients with COPD.[@CIT0013] Vestbo et al conducted a post hoc analysis of the multinational TORCH trial, where 6112 patients with COPD were followed up for 3 years. There was a significant association between good adherence and lower exacerbations.[@CIT0027]

Our study has some limitations. First, administrative claims data do not include lung function data.[@CIT0015] This limitation was partially addressed by controlling for baseline COPD severity in terms of COPD treatment expenditure, AECOPD frequency (rate), and COPD related hospitalization frequency (rate). These surrogates for COPD severity have been used in previous COPD studies using claims data.[@CIT0015],[@CIT0028] Second, our measurement of adherence was based on prescription filled; the claims database cannot account for whether the medications were actually taken as prescribed. Mishandling or misuse of inhalers is associated with reduced disease control,[@CIT0013] but there is no evidence that these factors correlated with adherence status, so they would not distort the association between adherence and outcomes. Third, patients were grouped as "long-term bronchodilators", "fixed combinations of inhaled corticosteroids and long-acting beta-agonists" and "oral medications such as methylxanthine or mucolytic agents" based on the treatment on the index date. The potential pitfall of such "intention-to-treat" study design was that patient might switch to other maintenance therapies or discontinued treatment during follow-up period, which would potentially dilute the association to be explored. Even under this context, the results still demonstrated significant association between adherence and outcomes in the ICS/LABA combination user group. Finally, given the small sample size for the inhaled bronchodilator group, we might lack the power to detect a difference between the high and poor adherence groups.

Conclusions {#S0005}
===========

High adherence to the ICS/LABA combination maintenance therapy was associated with improved clinical and economic outcomes in a cohort of Chinese patients with COPD. The results also highlighted the need to improve adherence to such therapy in this setting.

Abbreviations {#S0006}
=============

AECOPD, acute exacerbations of chronic obstructive pulmonary disease; COPD, chronic obstructive pulmonary disease; ICS/LABA, inhaled corticosteroid/long-acting beta-2 agonist; DOT, duration of therapy; ED, emergency department; MD, mean difference; OCS, oral corticosteroid; OR, odds ratio; PDC, proportion of days covered; RR, relative risk; SE, standard error; YLLs, years of life lost.
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[^1]: **Note:** All included patients used exclusively one category of drug on the index date.

[^2]: **Abbreviations:** COPD, chronic obstructive pulmonary disease; ICS/LABA, inhaled corticosteroid/long-acting beta-2 agonist; AECOPD, acute exacerbation of chronic obstructive pulmonary disease; SD, standard deviation; SABA, short-acting beta-agonist; LAMA, long-acting muscarinic antagonist; CCI, Charlson Co-morbidity Index; ED, emergency department; USD, United States dollar.

[^3]: **Notes:** ^a^Logistic regression model with the high adherence as the primary exposure and adjusted for age, gender, pre-index AECOPD frequency, Charlson comorbidity index, pre-index theophylline script number, pre-index SABA script number, pre-index LAMA script number, pre-index COPD related cost, and pre-index COPD inpatient visit times for inhaled bronchodilator and ICS/LABA user. ^b^Logistic regression model with the high adherence as the primary exposure and adjusted for age, gender, pre-index AECOPD frequency, Charlson comorbidity index, pre-index LABA script number, pre-index SABA script number, pre-index LAMA script number, pre-index COPD related cost, and pre-index COPD inpatient visit times for oral mucolytic user. ^c^Logistic regression model with the high adherence as the primary exposure and adjusted for age, gender, pre-index AECOPD frequency, Charlson comorbidity index, pre-index SABA script number, pre-index LAMA script number, pre-index COPD related cost, and pre-index COPD inpatient visit times for the model with interaction. ^d^Test for interaction between drug category and adherence status (high or poor).

    **Abbreviations:** COPD, chronic obstructive pulmonary disease; AECOPD, acute exacerbation of chronic obstructive pulmonary disease; CI, confidence interval; ICS/LABA, inhaled corticosteroid/long-acting beta-2 agonist; SABA, short-acting beta-agonist; LAMA, long-acting muscarinic antagonist.

[^4]: **Notes:** ^a^Negative binomial regression model with the high adherence as the primary exposure and adjusted for age, gender, pre-index AECOPD frequency, Charlson comorbidity index, pre-index theophylline script number, pre-index SABA script number, pre-index LAMA script number, pre-index COPD related cost, and pre-index COPD inpatient visit times for inhaled bronchodilator and ICS/LABA user. ^b^Negative binomial regression model with the high adherence as the primary exposure and adjusted for age, gender, pre-index AECOPD frequency, Charlson comorbidity index, pre-index LABA script number, pre-index SABA script number, pre-index LAMA script number, pre-index COPD related cost, and pre-index COPD inpatient visit times for oral mucolytic user. ^c^Negative binomial regression model with the high adherence as the primary exposure and adjusted for age, gender, pre-index AECOPD frequency, Charlson comorbidity index, pre-index SABA script number, pre-index LAMA script number, pre-index COPD related cost, and pre-index COPD inpatient visit times for the model with interaction. ^d^Test for interaction between drug category and adherence status (high or poor).

    **Abbreviations:** COPD, chronic obstructive pulmonary disease; AECOPD, acute exacerbation of chronic obstructive pulmonary disease; SE, standard error; CI, confidence interval; ICS/LABA, inhaled corticosteroid/long-acting beta-2 agonist; SABA, short-acting beta-agonist; LAMA, long-acting muscarinic antagonist.

[^5]: **Notes:** ^a^Generalized linear model with the high adherence as the primary exposure and adjusted for age, gender, pre-index AECOPD frequency, Charlson comorbidity index, pre-index theophylline script number, pre-index SABA script number, pre-index LAMA script number, pre-index COPD related cost, pre-index COPD inpatient visit times for inhaled bronchodilator and ICS/LABA user. ^b^Generalized linear model with the high adherence as the primary exposure and adjusted for age, gender, pre-index AECOPD frequency, Charlson comorbidity index, pre-index LABA script number, pre-index SABA script number, pre-index LAMA script number, pre-index COPD related cost, pre-index COPD inpatient visit times for oral mucolytic user. ^c^Generalized linear model with the high adherence as the primary exposure and adjusted for age, gender, pre-index AECOPD frequency, Charlson comorbidity index, pre-index SABA script number, pre-index LAMA script number, pre-index COPD related cost, pre-index COPD inpatient visit times for the model with interaction. ^d^Test for interaction between drug category and adherence status (high or poor).

    **Abbreviations:** COPD, chronic obstructive pulmonary disease; AECOPD, acute exacerbation of chronic obstructive pulmonary disease; SE, standard error; CI, confidence interval; USD, United States dollar; ICS/LABA, inhaled corticosteroid/long-acting beta-2 agonist; SABA, short-acting beta-agonist; LAMA, long-acting muscarinic antagonist.
